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^, . Abstract 

^!^ I The long mean free path of K^ mesons in nuclear matter makes this parti- 

[~^ ■ cle a suitable messenger for the dynamics of nucleus-nucleus reactions at interme- 

O . diate energies (100 MeV to 3 GeV per nucleon). A prerequisite for this is the 

knowledge of the elementary production cross sections ttN -^ J^K. Here these 
cross sections are studied for the first time with the explicite inclusion of the rel- 
evant baryon resonances up to 2 GeV as intermediate states. The baryon reso- 
nances - 7V(1710)/(J^) = m~^), A(1720) i(l^) and A(1920) |(|"^) - are taken 
2 ' into account coherently in the calculations of the ttN -^ TiK process. (We refer 

^H ■ to this model as the 'resonance model'.) Also -ftr*(892)^(l~) vector meson ex- 

change is included. It is shown that the total cross sections for different channels 
of the vrA^ -^ T,K reactions, i.e. n'^p -^ S''"i^+, iT~p — > Ti~K'^, n'^n -^ Ti^K'^ 
{ir~p — > Tj~ K^) and -n^p — > YPK~^ differ not only by absolute values but also 
by their energy dependence. This shape differences are due to the mixture of the 
isospin / = 3/2 A(1920) with isospin / = 1/2 nucleon resonances. However, this 
/ = 3/2 resonance does not give a contribution to the vrA^ -^ AK reactions. So 
the shapes of the total cross sections vrA^ — > AK for different isospin projections 
are the same. In spite of this, such cross sections averaged over different isospin 
projections in the same multiplet are often used for studies of kaon production in 
heavy-ion collisions. Here we give an explicit separate parametrization of the cross 
sections for each channel ttN -^ TiK, which are calculated in this work. The total 
cross section for Tr~p -^ Ti~K^ which runs through different / = 3/2 and / = 1/2 
resonances can be well reproduced by the present model. 
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Because kaons (K^) have a long mean free path inside the nucleus, one believes that 
they are good messengers to provide information about the high density and temperature 
phase of the heavy ion collisions [0, |^ . Furthermore, they can be also sensitive probes for 
the nuclear equation of state (EOS) 0. For these reasons, many studies of kaon produc- 
tion in heavy ion collisions have been performed both theoretically and experimentally 

In most theoretical studies of the kaon production in heavy ion collisions by either 
the Vlasov-Uehling-Uhlenbeck approach (VUU) 0], or by "quantum" molecular dynam- 
ics (QMD) [|, ^, however, the kaon elementary production cross sections in free space 
parametrized by J. Randrup and C. M. Ko |jl2| for B1B2 — > B3YK, and by J. Cugnon 



and R. M. Lombard [T^ for nN -^ YK are widely used. Here B stands for either the 
nucleon or the A(1232), Y stands for either the S or the A, respectively. Although there 
exists a relatively long history for kaon production studies, not many investigations have 
been performed for the elementary process |T^ . 



On the other hand, due to recent high precision data, we have now rich and accurate 
informations on the baryon resonances, on quantum numbers, on decay modes, on decay 
rates and so on [^, [1^. Thus, it is now adequate and necessary to incorporate these 
resonances in calculations of the elementary cross section for kaon production. There are 
some works which include such baryon resonances in kaon production studies |iy, |11 . 
In these, simple parametrizations by Breit-Wigner forms are given. Since the ttN -^ 
AK amplitudes arising from the relevant resonances are not calculated, the interferences 
among these resonances is not included. Furthermore, the nN -^ UK reactions are not 
investigated in these publications. 

The first purpose of the present article is to present model calculations of 
TiN -^ T,K at intermediate energies, which take into account the nucleon- (/ = 1/2) 
and the delta (/ = 3/2) resonances up to 2 GeV in the intermediate states. By inter- 
mediate energies we mean that the center-of-mass energy ^/s of the vrA^ ranges from the 
threshold of kaon production to about 3 GeV. Kaon production by pions on nucleons are 
so-called secondary processes in heavy ion collisions, which are known to give about a 30 
% contribution to kaon production in the intermediate or low energy region [Q. 

The energy dependence of the total cross sections and the peak positions ( e.g. 
7r~]9 -^ KK^ reaction [|1^) show that the s-channel resonance processes given in fig. 1 are 
dominant for the vrA^ — > YK reactions. ( See also the experimental data given in fig. 3 
fa). ) 



According to the compilation of the "Review of Particle Properties" |15, 16|, the 



resonances iV(1710) /( J^) = i(i^), iV(1720) i(f^) and A(1920) |(|"^) give the main s- 
channel contributions to the reactions vrA^ -^ UK. Although it is expected to be small 
(and it will be shown so) we consider the lightest -ft'*(892)|(l~) vector meson for t-channel 
K* exchange contributions. 

The second purpose of this article is to focus on the role of the A(1920) resonance 
for the ttN -^ UK reaction, since this resonance has isospin / = 3/2 and contributes 
differently from those of the isospin I = 1/2 nucleon resonances. Because the experimental 
data |TB|, |T^ show that this resonance does not decay to AK, we will not discuss the 
ttN -^ AK reactions in the present article. A detailed study including the AK channel 
will be reported elsewhere 



In order to see the different isospin structure of the processes represented by (a), 
(b), (c) and (d) in fig. 1, we consider the following schematic structures in isospin space, 



{a) 

ib) 

(c) 
id) 



{KE -tN (1710)) {N{1710)t-^N), (1) 

{KE ■ riV(1720)) (iV(1720)r • $N), (2) 

{K^ ■ 2'"^A(1920)) (A(1920) j" ■ $N), (3) 

{KtK*{892) ■ (f) {K*{892)'^ ■ tN), (4) 



where I is the transition operator defined by 

^=±1,0 ^ ^ 

and T are the Pauh matrices. A^, A^(1710), iV(1720) and A(1920) stand for the fields of 
A^(938), A^(1710), A^(1720) and A(1920)_resonances._ They are expressed by N = {p,_n), 
similarly to the nucleon resonances, and A(1920) = (A(1920)++, A(1920)+, A(1920)°, A(1920)" 
The fields appearing in eqs. (|l]) - (H) are related to the physical representations as fol- 
lows: K^ = {K+, K°), K = (k~,K^) , K*(892)^ = (ir*(892)+, ir*(892)°) , ir*(892) = 

(ir*(892)-,ir*(892)0) , 7r± = ^(0i t ^02), vr^ = ^3, S± = ^(Si t 1^2), 2° = S3 , 
where the superscript T means transposition operation. The pseudoscalar meson fields 
are defined as annihilating (creating) the physical particle (anti-particle) states. SU{2) 
isospin symmetry is assumed for each doublet or multiplet. 

Without factors arising from isospin structure, we define the amplitudes Aia, -Mb, M.c 
and M.d corresponding to each diagram (a), (b), (c) and (d) given in fig. 1. Then each 
amplitude contributing to the vrA^ -^ TjK reactions (which will be refered as 'different 
channels') is given by. 



Mc + 2Md for 
and 


vr+p -^ A(1920)++, i^*(892)0 ^ T,+K+ 
Tx-n -^ A(1920)-,fs:*(892)+ -^ T.- K^ , 


(5) 


{Ma + Mb + \Mc) for 
6 

and 


n-p -^ n(1710), n(1720), A0(1920) -^ T.-K+ 
TT+n ^p(1710),p(1720), A+(1920) -^ S+ir°, 


(6) 


U + Mk-^Mc-Md) 







for TT+n ^p(1710),p(1720), A(1920)+,A^*(892)° -^ TPK+ 
and vrV -^ p(1710),p(1720), A(1920)+, K*{m2f -^ S+K°, (7) 



■V2{Ma + Mb--Mc-Md) 



for TT^n -^ n(1710), n(1720), A(1920)°, K*{892)+ -^ T.- K+ 
and vr^p -^ n(1710), n(1720), A(1920)°, ir*(892)+ -^ T.^K^, 
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for 7rV^p(1710),p(1720),A(1920)+,A^*(892)+^S°fs:+ 
and Ti^n -^ n(1710), n(1720), A(1920)+, is:*(892)° -^ S°is:°.(9) 

Here the intermediate resonance states are explicitely written between the two arrows 
pointing to the right. Note that / = 1/2 t-channel K* meson exchanges do not contribute 
to the channel given by eq. (^ due to the isospin structure. From eqs. (j^) - (H) one can 
see that the A(1920) (represented by the amphtude A4c) contributes to different channels 
in different ways than the other A^(1710) and A^(1720) resonances (represented by the 
amplitudes Aia and A4b) and i^*(892) exchange (represented by Aid)- 

This means that the A(1920) resonance modifies the energy dependence of the cross 
section for the different channels of irN — >■ J^K reactions. (Except for the reactions given 
in eq. (^ and eq. (^.) This is completely different from the vrA^ -^ AK reactions, where 
only the isospin / = 1/2 nucleon resonances can contribute in s-channel and there is no 
t-channel K* exchange contributions. 

Before proceeding to the specific model calculations, we can roughly estimate the 
A(1920) resonance contributions to the total cross sections of each different channel de- 
fined by eqs.(|D - (|^) neglecting K*{892) exchange contribution. The experimental total 
cross section cr(7r+p)(oc jA^cl) ^^ ^^e ir^p -^ S+if"*" channel has a peak with a value 
of about 0.7 mb located around y/s = 1.92 GeV as seen from fig. 3 (a). We assume 
the A(1920) contribution is dominant, due to the experimental branching ratios [^, p!6| . 



and the fact that only charge 2e intermediate states are allowed. Then the incoherent 
contributions of this A(1920) resonance to each total cross section at this peak position 
may be estimated as follows: ||A1cP oc |cr(7r+p) ~ 0.08 mb for the channels defined by 
6q- (H), ||-^cP oc |cr(7r+p) ~ 0.16 mb for the channels defined by eqs. (^ and (H), and 
||A^cP oc |cr(7r"'"p) ~ 0.32 mb for the channels defined by eq. (^, respectively. Thus, this 
A (1920) resonance can give sizable contributions to each channel. From this estimate we 
expect that the cross sections for the different channels in the vrA^ -^ UK reactions will 
be different from each other not only in absolute values but also in its energy dependence. 
In order to illustrate this argument more clearly, we perform here model calculations 
for these cross sections. Effective interaction Lagrangians for the processes represented 
by fig. 1 are used: 

C^NNinw) = -t9nNN{i7io) (iV(1710)75f A^ ■ + iVr75Ar(1710) • ) , (10) 

C^NNii720) = ^"^^^^''"^ (iV^(1720)fiV ■ dj+ NtN^{1720) ■ dj) , (11) 

C^NAmo) = ^^^^^i^ (^A'^(1920) j'iV ■ dj+ iV J'^A^(1920) ■ dj^ , (12) 

CKENiino) = -^^XEiv(mo) f iV(1710)75r -tK + KE- r75iV(1710)) , (13) 



■'KJ:N(1720) , 

rriK \ 



9Kj:N{n20) /'jy^(i720)r ■ td^K + (d^K)'^ ■ fAr^(1720)) , (14) 



/:i^EA(i920) = ^^^^^il^ f A^(1920) 2^ ■ td,K + {d^K)t ■ t^ /\^\192Q)] , (15) 



C-K'im^N = -gK'i892)j:N ( N^f^T ■ t K*( 892) + ^ Na^^T- td^K:{892) + h.c. ) , 

\ ^ rriN + mj: J 

(16) 



CK'm)Kn = ifK'(m2)K. {KtK;{892) ■ d^$- {d^K)rK;{892) ■ 0) + h.c. 



(17) 



where C, is the ratio of the tensor couphng constant to the vector couphng constant. The 
spin 3/2 Rarita-Schwinger fields ip'^ = N'^{1720), A'^(1920) with mass m satisfy the set 
of quations [113 , 



{i'j ■ d — m)ip^^ = 0, 
7/.r = 0, 

a^V-^ = 0. 



(18) 
(19) 
(20) 



There are several problems in order to treat spin 3/2 massive particles and spin 1/2 
and 3/2 resonances consistently. They are discussed in great detail in refs. 



20 , and 



21, 22 



|. The problems discussed in these references are, for example, connected 
with the uniqueness of the free Lagrangian for the massive spin 3/2 particles, with the 
propagator having a definite spin 3/2 projection, with the unitarity due to the widths 
inserted into the propagators of the resonances, and so on. There seems to be according 



to Benmerrouche et al. ||2^ also a problem with the constraint to the off shell propagator 
of spin 3/2 particles suggested by Peccei |]22[ . Although keeping these discussions in mind 
we must use a phenomenological specific form for the propagators of the resonances. We 
use for the propagators Sp^p) of the spin 1/2 and G^^{p) of the spin 3/2 resonances. 



(21) 

(22) 



with 



p/^^(p) = _(^.p + rn) 



^' ^^' p^-m^ + zmr/«« ' 






G^ 


^h) - ''"^^^ 






y^) p2 _ ^2 + ,^r/«« ' 







3 3m 


-Ypn- 


2 
3m2 



pMp^ 



(23) 



where m and F-^"" stand for the mass and the full decay width of the corresponding 
resonance. 

Without factors arising from isospin space, the explicit amphtudes J^a, M.^, -Mc 
and Add corresponding diagrams (a), (b), (c) and (d) depicted in fig. 1 are given as 
follows: 



Ma 



-g-KNN(niQi)gKT.N(niO) 



V^ - ^N(nW) + *"^A^(1710)rAf(i710) 



J^l Ms(ps)75(7-P + "^iV(i7io))75M7v(Piv), (24) 



M, 



9 TT NN [1720) 9 KT.N {1720) 



PKuPttu 



mT^VflK p^ - mjy(^720) + ^^N{1720)i- Ar(i710) 



Me(Ps) PN(1720)iP) Un{Pn), 

(25) 



Mc 



g^N A{1920)9KSA{1920) 



PKf^P^u 



m^rriK p^ - 771^(^920) + ^"^A(i920)r^(i92o) 



j^i Ms(pe)P^(i92o)(p)w^(PJv' 



KA _ fK*{892)K^gK'{892)T;N , . 

J^d — ^ 5 ^slPsJ 



(PS-P7V) 



m 



K*{892) 



7a. -« 



e 



(26) 



mN + ms 



o-a/.(Ps -Pn) 



f , \ I f^u {P^-PNYJPJl-pNy , , . .„„^ 

{Pn+PK)u I ^'^ Tl I un{pn), (27) 



??1 



ii:*(892) 



where u^Ipn) and ms(ps) are the spinors of the nucleon and the S, with the four momenta 
Pn and ps, respectively. (See fig. 1.) 

We also need to determine the coupling constants appearing in the Lagrangians 
given by eqs. ([10| ) - (0). In order to include the finite size effects of hadrons, form factors 
(denoted by F{q) and FK*(892)Kn{<l) below) will be introduced. These form factors must 
be multiplied to each vertex of the interaction. Thus, the absolute values of the coupling 
constants except for Qk* (892)j:n are determined from the branching ratios in the rest frame 
of the resonances: 



r(A^(1710) -^ BP) = 3 



9lBN{i7w)F^i(li'^N{ino),'mB, mp)) 



Att 



{Eb - nis] 

"^Af(1710) 



q{m N [17 w),mB,mp) 



T{B* -^ BP) = D 



gppp,F'^{q{mB',mB,mp)) {Eb + niB] 
127r mB*m'p 

p2 172 



■q^{mB',mB,Tnp), 



(28) 
(29) 



T{K* (892) ^ Kti) = 3 



fK*{892)K7rPK*{892)Kni(li^K*{892),mK,m^)) 



An 



'-""'A'* (892) 



q^ {niK* (892), mK,m^), 



with 



F(g) 



A2 



Ah + q'' 



Fk*{892)kM) = Cqexp {-f^q"^) 



q{x,mB,mp) 



2x 



[x'^ — (niB + TUpY) (x^ — (mp — mp) 



1/2 



(30) 

(31) 
(32) 



where Ep 



m 



B 



+ Pb {q = \Pb\), B* stands for either the iV(1720) or the A(1920) 



resonance, B stands for either the A^(938) or the S, and P stands for either the vr or 
the K, respectively. Also the corresponding masses are represented by uib*-, rriB and 
mp. In the above, F{q) is the form factor with a cut off parameter Kci and D = ?> and 
D = 1 should be assigned to the iV(1720) and the A(1920), respectively. The K*{m2)KTi 
vertex form factor is taken from ref. |2^. In evaluating the cross sections in the center- 
of-mass frame of the vriV system, each coupling constant gppB*, gK*{892)i:N and fK*{892)Kn 
appearing in the eqs. ( P^ - (P7|) must be replaced by gppB* -^ gpBB*F{q{y/s,m,B,m,p)), 



gK*{892)T,N -^ gK*{892)T.NF{{qf — (fi)) and fK*{892)Kn -^ /i^*(892)i<:7r-^_ft:*(892)ii'7r ( 2 (^/ ~ ^«))) 



with pb = -pp, q = \pb\, |g/| = q{Vs,mj:,mK), \qi\ = q{^/s,mN,mT,) and s being the 
Mandelstam variable. (See also the caption of fig. 2.) 

The cut off parameters used for the numerical calculations are: Ac = 0.8 GeV for 
the iV(1710) and the iV(1720) resonances, Ac = 0.5 GeV for the A(1920) resonance and 
Ac = 1.2 GeV for the i^*(892)SA^ vertex, respectively. The parameters C and /5 in 
FK*{892)K,r are C = 2.72 fm and (3 = 8.88 x lO"^ fm^ used in ref. |4|. 

We first discuss the vr+p — > T.'^K'^ channel displayed in fig 3 (a). The experimental 
data are given with error bars |jT^. Note that only the A(1920) contributes to this reaction 



in the s-channel. (See eq. (^).) The dashed line stands for the result using the coupling 
constants determined from the branching ratios and eqs. (pQ]) - (|3^), and the fitted value 
for gK*{892)'EN which will be explained later. This shows a large underestimation - of 
about a factor 12 - if branching ratio data are used to determine the coupling constants 
for the baryon resonances. The i^*(892) exchange contribution to this total cross section 
gives an almost constant background as a function of energy, and thus must be small so 
that it is consistend with the experimental data. The total cross section is mainly due 
to the A(1920) resonance in the present model, thus the two coupling constants relevant 
for this resonance (see eq. ([29| ) and Table 1) are rescaled in order to fit the data in 
fig. 3 (a). The coupling constant gK*{892)T:N is chosen to fit the tail of this cross section 



with zero tensor coupling for i^*(892)SiV interaction, i.e. ^ = in eq. (0), and the 
rescaled coupling constants for A (1920) are used. This value for gK'(m2)T.N is used for the 
results represented by the dashed line in fig. 3 (a). The result using the rescaled coupling 
constants and the value gK'(m2)Y.N fitted as described above is represented by the solid 
line in fig. 3 (a). This set of coupling constants will be also used later. 

In the following calculations, two different sets of the coupling constants will be 
used. For set 1 we use the rescaled coupling constants for the A(1920) resonance and the 
fitted coupling constant gK*(m2)T.N- All the other coupling constants are determined from 
the branching ratios. The results obtained using the coupling constants determined fully 
by the experimental branching ratios and the same value of gK*{892)Y.N as case 1 will be 
refered as set 2. Explicite values of the coupling constants obtained and the experimental 
branching ratios are listed in table 1. 

Hereafter, we will discuss the K^ production channels only. Corresponding argu- 
ments for the K^ production channels are valid as seen from eqs. (^ - (|^). 

The calculated total cross sections for the other channels are displayed in figs. 3(b) - 
3(d). The contributions of the interference terms appearing in these channels are included 
as follows: Since the branching ratios determine only the square of the coupling constants, 
all eight possible relative signs among the interference terms are evaluated. Then that sign 
combination which reproduces the experimental data best for -K^p -^ H^ K^ is selected. 
(See fig. 3 (b).) After fixing the relative signs among the interference terms for this 
reaction, all other channels are evaluated with this fixed relative signs. 

First we discuss the global features of figs. 3(b) - 3(d). It is clear that the total 
cross sections of different channels show a different energy dependence, for both set 1 and 
set 2. This different energy dependence is due to the A(1920) resonance contributions 
as already mentioned in the text. Without the A(1920) resonance contributions, they all 
have the same energy dependence but different absolute values. Thus, this isospin / = 3/2 
A(1920) resonance differentiates the energy dependences of the total cross sections for the 

6 



different channels in the vrA^ -^ UK reactions. 

Next, it is interesting to loolc at the vr^p -^ S~i^+ channel in fig. 3 (b). The experi- 



mental data are also given with error bars |17]. The parameters of set 1 can reproduce the 



second peak of the experimental data around the total center-of-mass energy ^/s = 1.95 
GeV. But the parameters of set 2 fail to reproduce this second peak. This second peak 
described correctly by the parameters of set 1 is again the consequence of the isospin 
/ = 3/2 A(1920) resonance contribution. Thus, this fact shows the superiority of the 
parameters of the set 1 for the present study. The success of set 1 and the failure of set 2 
to explain the n~^p — >■ E+iiT"*" and ir'p — * I1^K~^ data simultaneously might indicate that 
there exist other resonances with masses around 1.9 GeV and isospin I = 3/2 which can 
give large enough contributions to reproduce the Ti^p -^ S+i^+ total cross section, and 
also give the second peak of the reaction n^p -^ H^ K^ . 

In figs. 3(c) and 3(d), the calculated total cross sections for the vr+n ^ TPK^ and 
TT^ra — > Tj~K^ , and 7r°p — ^ TPK^ are shown. Set 1 results for vr^p — + TPK^ should be 
reliable prediction. 

Since the energy-dependent form of the decay widths is not unique, energy in- 
dependent decay widths are used in the propagators for the present study. To see 
the effects of energy-dependent decay widths in the propagators for the resonances, 
some calculations have also been done using an energy dependent decay width r(s) = 
Yfuii / qWs,mB,mp) \ where L is the orbital angular momentum quantum number of 

the corresponding resonance. (See also eq. (^) and fig. 2.) It turned out that this 
energy dependence of the decay width does not give significant effects on the energy 
dependence of the cross sections. 

For kaon production in heavy ion collisions, we give parametrizations of the total 
cross sections (t{itN —>■ J^K) for each separate channel based on set 1. They are: 

/ + ..+ ..+X 0.03591(v^-1.688)°-95^i 0.1594(v/i - 1.688)°'°i°56 , , , 

a(7T p ^ h K ) = , ^ — ; 1 — —-= -^ mb, (33) 

^ ^ ' (v^- 1.890)2 + 0.01548 (v^ - 3.000)2 + 0.9412 ' v ; 

, _ ^_,^:, 0.009803(yi-1.688)°-602i o.006521(Vi - 1.688)1-^^28 

^ ^ ' (Vi- 1.742)2 + 0.006583 (^i - 1.940)2 + 0.006248 ^ ' 

(T(7r+n -^ TPK+) and 

( ^-^^+^ 0.05014(v/i- 1.688)1-2878 

a[TX n -^ E K^) = ——= — mb, (35) 

^ ' (v^- 1.730)2 + 0.006455 ' ^ ^ 

, n v.n..+^ 0.003978(v^-1.688)°-^8^s 0.04709(v^ - 1.688)2-1^50 

(J 7r% -> S°ir+ = — ^ ^-^^ ^ + -^ ^^^— ^ ^ mb, 36 

^ ^ ' (v^ -1.740)2 + 0.006670 (Vi- 1.905)2 + 0.006358 ' ^ ^ 

where, all parametrizations given above should be understood to be zero below threshold 
for a/s < 1.688 GeV. These parametrizations are especially useful for kaon production 
simulation codes for those channels where no experimental data are available. 

To summarize, we studied the vrA^ -^ TjK reactions focusing on the role of the 
A (1920) resonance, and presented for the first time theoretical calculations. The re- 
sults obtained show that the isospin / = 3/2 A(1920) resonance has a significant role 
to distinguish the enegy dependence of the total cross sections for differerent channels 



of the reactions tiN -^ UK. We gave parametrizations of the total cross sections for 
each separate channel obtained for set 1 parameters, where the coupling constants for the 
A(1920) resonance and gK*{892)Kn are fitted to reproduce 7i~^p -^ T,~^K~^ and other cou- 
pling constants are determined from decay ratios. The good agreement obtained with set 
1 parameters and the failure of the set 2 parameters might indicate that there exist other 
resonances with masses around 1.9 GeV and isospin / = 3/2, which contribute to the 
n~^p -^ H'^K^ channel to explain the total cross section, and reproduce simaltaneously 
also the second peak of 7r~p — ^ H~K~^. 
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Table 1: Calculated and fitted coupling constants 



B* (resonance) 


T{MeV) 


TnA%) 


9b'-Ntt 


TM%) 


9b*t.k 


iV(1710) 

A^(1720) 

A(1920) (set 1) 

A(1920) (set 2) 


100 
150 

200 


15.0 
15.0 

12.5 


2.57 
5.27 X 10-2 

(1.44) 
4.17 X 10-1 


6.0 
3.5 

2.0 


4.50 X 10+1 

3.15 

(3.83) 

1.11 




JK*(892)KTr 




9k*{892)T.N 







6.89 X 10-1 2.03 X lO-i 

(r=50 MeV, r^^ = 100%) 



Table 1 

The calculated or fitted coupling constants and the data used for the calculations. The 
values in brakets stand for the coupling constants obtained by fitting to the total cross 
section for the vr+p -^ £+7^+ reaction (set 1). The value oi gj^,rgg2)i]N i^ ^^^ fitted value to 
the TT+p -^ S+i^+ channel when zero tensor coupling for i^*(892)SiV interaction {C, = 0) 
is applied and the rescaled coupling constants for A (1920) are used. 
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Figure captions 



Fig. 1 

The processes contributing to the vrA^ — > UK reactions. The diagrams are correspond- 
ing to the different intermediate resonance states: (a) : A^(1710) /(J^) = \{\ ), (6) : 
A^(1720) i(l^), (c) : A(1920) |(|^) and [d) : t-channel K*{m2) exchange, respectively. 



Fig. 2 

The formation or decay vertex of the resonance B* appearing in the amphtudes eqs. (p^ ) 
- (H). Here B* stands for the resonances A^(1710), A^(1720) and A(1920). B stands for 
the baryons A^ and S. P stands for the pseudoscalar mesons vr and K. The variable given 
in each braket stands for the four momentum of each particle. In the center-of-mass frame 
of the baryon B and the pseudoscalar meson P, they are p^* = (a/s, 0), p^ = (Eb^Pb) 
and pp = (Ep, —Pb) with Ip^l = Q{y/s,'m'B,mp) defined by eq. (|3^). 



Fig. 3 (a) 

The calculated total cross sections for the n^p -^ S+i^+ {n^n -^ Ti^K^) reaction. The 
solid hne and the dashed line stand for the set 1 and set 2 parameters, respectively. Set 
1 are the relevant coupling constants for A(1920) and gK*(m2)K-K adjusted to the cross 
section 7r"'"A^ — >■ H'^ K^ with the A(1920) as an s-channel intermediate state resonance 
and other coupling constants are determined from the branching ratios. Set 2 uses the 
same value of gK*i892)Kn as that of set 1 and other coupling constants determined only 
from the branching ratios. 



Fig. 3 (b) 

The calculated total cross sections for the ir^p -^ H^K^ (vr+n -^ S+K°) reaction. See 
the caption of fig. 3 (a) for further explanations. 



Figs. 3 (c) 

The calculated total cross sections for the Tc^n -^ S^i^"*" and ir^n —>■ H^K^ {n^p —>■ Ti'^K^ 
and n^p -^ Ti^K^) reactions. See the caption of fig. 3 (a) for further explanations. 



Figs. 3 (d) 

The calculated total cross sections for the n^p -^ TPK^ {-k^ti -^ TPK^) reaction. See the 
caption of fig. 3 (a) for further explanations. No experimental data are known. 
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Fig. 1 
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Fig. 2 
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